The aim of this study was to investigate the yield and chemical composition of the essential oil (EO) isolated from over-ground parts of different populations of Hypericum perforatum L. (Hypericaceae) (HP) from southern Albania. The EO yield of 11 specimens of indigenous populations of HP ranged from 2.50 ml/kg to 11.00 ml/kg. GC/FID/MS analyses of the EOs revealed a total of 126 identified compounds representing 77.35-88.29% of the oils. Based on the prevalence of principal components, two types of EO were distinguished: pinene-type, which included seven populations with EO rich in α-pinene, and caryophyllene-type, which included four populations with EO rich in trans-(E)-caryophyllene and caryophyllene oxide. The information obtained can help to assess the potential of the studied Albanian populations for further sustainable wild exploitation to take it into a consideration as a resource of valuable genetic material or for further cultivation and breeding.
INTRODUCTION
The Hypericum species are perennial plants distributed predominantly in the temperate regions of the world with approximately 470 species in total [1] . Hypericum perforatum L. (Hypericaceae) (Saint John's wort), the most thoroughly studied taxon of the genus, is well known for its traditional and contemporary use as a medicinal plant, with a complex mixture of secondary metabolites. Due to the large range of secondary metabolites that are active principals of phytopharmaceuticals, Hypericum perforatum (HP) possess a plethora of pharmacological activities including antiviral, antimicrobial, anti-inflammatory, antioxidant, antidepressive, hepatoprotective and anti-tumoral [2] [3] [4] [5] [6] . An infused oil of the flowers (Hyperici oleum), which is prepared by macerating fresh flowers in olive or sunflower oil and exposing the mixture to sunlight for two to three weeks, has a history of traditional use in Europe for the treatment of burns and ulcers [7, 8] . Monographs for the crude drug and extracts of HP, prepared from the aerial flowering parts of the plant, have been fully integrated in the European Pharmacopoeia (since Ph. Eur. 6) [2]. Hyperici oleum was included in the German Commission E and the Swiss Pharmacopoeia monographs [7, 9] .
The bioactive compounds found in HP comprise the naphthodianthrone derivatives (hypericin and pseudohypericin), acylated phloroglucinol derivatives (hyperforin and adhyperforin), flavonoids (quercetin, quercitrin, hyperoside, rutin, kaempferol, biapigenin and amentoflavone), phenolic acids (chlorogenic acid) and xanthones (mangiferin) [4, 5] . A number of studies refer to the composition of the essential oil (EO) of HP [10] [11] [12] [13] [14] [15] [16] . Typical HP EO constituents for the material collected in southern Europe (France, Italy, Turkey and Serbia) include the monoterpenes α-and β-pinene, limonene and myrcene, the sesquiterpenes trans-(E)-caryophyllene and caryophyllene oxide [17] [18] [19] [20] and hydrocarbons such as n-decane, C 16 and C 29 alkanes and C 24 , C 26 and C 28 -alkanols [21] . Hypericum species are generally classed as essential oil-poor plants (oil yield <1.00 %, w/w) [22, 23] . The content of EO in HP is highest during the full-bloom stage versus the pre-bloom or fruiting stage (0.35% versus 0.12% and 0.18%, respectively) [23] [24] [25] . Despite the poor content, the steam-distilled EO of HP has recently become available on a broader scale on the market and is largely produced by small companies in Europe (Poland, France), especially in some South East European countries (Serbia, Croatia and Bulgaria) [26] . Despite the abundant literature data about the EO composition of HP growing in southern Europe, to date, there are no data about chemical investigations performed on samples from Albania. Therefore, the aim of this study was to investigate the yield and the chemical composition of the EO isolated from over-ground parts of different populations of HP from southern Albania, estimating the chemical potential of wild exploitation of this plant for HP EO isolation.
EXPERIMENTAL SECTION
Plant material. Aerial flowering parts of Hypericum perforatum populations from 11 different locations from southern Albania were collected. The plant material was air dried, packed in paper bags and kept in a dark and cold place until analysis. Plant identity was verified and voucher specimens were deposited at the Institute of Pharmacognosy, Faculty of Pharmacy, Skopje, R. Macedonia (Table 1) .
Essential oil isolation. The EO was isolated from dried and minced plant material by hydrodistillation in all-glass Clevenger apparatus for 2 hours according to Ph. Eur. The obtained oil was dried with anhydrous Na 2 SO 4 and dissolved in hexane for further analyses.
Analysis of essential oils' chemical composition. EO samples in hexane (1:1000) were analyzed on Agilent 7890А Gas Chromatography system equipped with FID detector and Agilent 5975C mass spectrometer. For that purpose, HP-5 ms capillary column (30 m × 0.25 mm, film thickness 0.25 μm) was used. Analytical conditions were as follows: oven temperature at 60 °C (0 min), 3 °C/min to 240 °C (1 min) and at the end increased to 280 °C at a rate of 10 °C/min (1 min); helium as carrier gas at a flow rate of 1 ml/min; injector temperature 220 °C and that of the FID detector 270 °C. One l of each sample was injected at a split ratio of 1:1. The mass spectrometry conditions were: ionization voltage 70 eV, ion source temperature 230 °C, transfer line temperature 280 °C, and mass range from 50-550 Da. The MS was operated in scan mode.
Identification of the components. The compounds were identified on the basis of literature [27] and estimated Kovat′s (retention) indices that were determined using a mixture of homologous series of normal alkanes (C9-C25) analyzed under Automated Mass Spectral Deconvolution and Iden-tification System (AMDIS)' conditions [28] . Confirmation was made by comparing the mass spectra of the components present in the EOs with the reference spectra obtained from Nist, Wiley and Adams mass spectra libraries. Quantification of the EOs components was performed using the normalization method of the GC/FID peak areas without any correction factors.
Statistical analysis. The Principal Component Analysis (PCA) based on seven main essential oil constituents was performed using SIMCA 13 [29] .
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RESULTS AND DISCUSSION
Essential oil yield. The EO yield of 11 specimens of indigenous populations of HP from southern Albania ranged from 2.50 ml/kg to 11.00 ml/kg (0.25-1.10 %) ( Table 1 ). The highest yield was recorded in two indigenous populations from the regions of Fier and Gjirokastra (HP08 and HP10, respectively) while the lowest was found in the population located in Tirana region (HP05). Differences in the EO content were evident when comparing populations from the vicinity of the Saranda, Gjirokastra, Fier and Berat, which are cities located closer to the Ionic See, to those from Tirana and Lushnje, located more northern, and Podgradec, Kolonja, Korcha and Elbasan, located more eastern. According to literature data, large variation in EO content (0.04-1.93%) was also reported for plants from six different localities in Serbia [30] . Additionally, the yields of EOs from HP from Kosovo differed greatly depending on the population and ranged from 0.04 to 0.26% based on dry weight [31] .
EO composition. Data analysis of the EO chemical composition revealed six different classes of components: monoterpene hydrocarbons (MH), oxygen-containing monoterpenes (OM), sesquiterpene hydrocarbons (SH), oxygencontaining sesquiterpenes (OS), diterpenes (D) and non-terpene components (NT). Generally, MH and SH were dominant fractions in all tested samples. In this order, six populations contained EO rich in SH, while the EOs isolated from five other populations showed the MH fraction to be dominant. Additionally, oxygen-containing derivatives were present in lower amounts. Nine of the 11 populations encompassed EO that contained more OS, while only two EO populations had OM as the main fraction. Regarding the content of diterpenes (D), it is important to emphasize that manool is the only diterpene compound that was identified in only one EO sample. Beside terpene compounds, these EOs contained high levels of other non-terpene components (NT) which mainly consisted of aliphatic chains (Table 2) . KIL -Kovat's Index Literature [27] ; b) KIE -Kovat's Index Estimated (AMDIS) [28] ; tr. = traces (< 0.02%).
T a b l e 2

Chemical composition (%) of the essential oils from 11 Hypericum perfratum L. populations, HP01-HP11
In several Lithuanian HP samples, the sesquiterpene hydrocarbons and oxygenated sesquiterpenes made up 62.00-81.80% of the EO. The aliphatic compounds (2-methyl octane, n-nonane, ndecane, n-undecane, n-tetradecanol, etc.) varied from 1.70 to 19.60% [29] . Terpenoid constituents, particularly sesquiterpenes, were described as primary components in Serbian HP EOs [30] . In Sardinia the sesquiterpene hydrocarbons had the highest contribution (36.80%). This fraction was dominated by germacrene D (17.60%). The monoterpene hydrocarbons represented 28.40% of the total EO with α-pinene (15.80%) as the major compound. The oxygenated sesquiterpenoid fraction was relatively poor. It represented 4.60% of the total EO with cis-cadin-4-en-7-ol (1.70%) as the major constituent. The oxygenated monoterpenes constituted only 1.00%. Compared to these results, our tested EOs contained 6.67-50.88% of sesquiterpene hydrocarbons with trans-(E)-caryophyllene (0.50-19.27%), and -and -selinene (0.41-10.63% and 1.34-13.86%, respectively) as the dominant components and 1.94-47.21% of monoterpene hydrocarbons with -pinene as the dominant component (1.15-36.74%). Furthermore, the content of oxygen-containing derivatives, both mono-and sesquiterpenes, was the opposite, as our tested samples comprised 0.80-15.89% of oxygencontaining mono-and 2.51-15.80% of oxygencontaining sesquiterpenes.
GC/FID/MS analyses of the isolated EOs revealed a total of 126 compounds representing 77.35-88.29% of the oils (Table 2) . Twenty five components were detected in all analyzed EOs and seven of these compounds were found in amounts higher than 3.00%. These components were considered principal components of HP EOs: α-pinene (2.03-36.74%), β-pinene (0.36-6.89%), 2-methyldecane (0.82-3.14%), carvacrol (0.14-5.60%), trans-(E)-caryophyllene (0.5-19.27%), β-selinene (1.34-13.86%) and caryophyllene oxide (1.15-12.35%). Although chemical diversity of the HP EOs was high, two main types of HP EOs can generally be distinguished: pinene-type (populations HP02, HP03, HP05, HP07, HP09, HP10 and HP11 with EO reach in α-pinene) and caryophyllene-type (populations HP01, HP04, HP06 and HP08 with EO rich in trans-(E)-caryophyllene and caryophyllene oxide), which was confirmed by PCA analysis (Fig. 1) .
Concerning the dominant components in the EOs from HP growing wild in Lithuania, three different chemotypes (trans-(E)-caryophyllene, caryophyllene oxide and germacrene D) have been reported [32] . In general, the components β-pinene, α-pinene, 2-methyloctane, spathulenol, caryophyllene oxide, germacrene D and trans-(E)-caryophyllene were the most frequently reported constituents in Hypericum EOs [33] . For instance, the EO of HP from southeastern France was rich in α-pinene and the EO of HP ssp. angustifolium, also from France, was characterized by spathulenol (21.10%) and tetradecanol (9.10%) [19, 20, 34] . On the other hand, 2-methyloctane (21.10%), germacrene-D (17.60%) and α-pinene (15.80%) were the major compounds in the same subspecies in Italy [35] .
Germacrene D was the main component found in the hydrodistilled EOs from wild-grown (22.80%) and cultivated plants (16.90%) from several regions of Greece, followed by 2-methyloctane (10.80-17.80%), trans-(E)-caryophyllene (6.60-10.30%), α-pinene (5.20-10.10%) and bicyclogermacrene (4.10-4.80%) [36] . In the same way, α-and β-pinene were found to be the main components in another study of Greek HP [37] .
HP collected from the Barelić region in Serbia contained 8.60% of -pinene, but it was absent from plant material from the Rujan region [30] . In the same study, trans-(E)-caryophyllene and caryophyllene oxide were reported to be principal components. In the region of Kosovo, HP were characterized by the following main constituents: α-pinene (3.70-36.50%), 2-methyl-octane (1.10-15.50%), trans-(E)-caryophyllene (1.20-12.40%), caryophyllene oxide (3.30-17.70%) and n-tetradecanol (3.60-10.40%) [31] .
According to these data, our EOs have the largest similarity to the HP EOs from the neighboring regions of Greece, Serbia and Kosovo, as α-pinene, trans-(E)-caryophyllene and caryophyllene oxide were found to be the predominant components.
According to some authors, qualitative and quantitative variation in the content of secondary metabolites in HP is influenced by genetic, ecological and environmental factors [38, 39] ; thus, it is very difficult to compare data about EO with scarce information on the status of plant material (fresh/dry) used for hydrodistillation, as well as the plant development status or the environmental variables of collection sites. Also, EOs from HP wild populations and cultivated in uniform conditions are very likely to be genetically determined because no considerable differences were found in the composition of the volatile constituents [18] . However, obtained information about EO yield and composition of the studied Albanian HP can help to assess the potential of these populations for further sustainable wild exploitation and can also be taken into a consideration as a resource of valuable genetic material for further cultivation and breeding.
